Dried-bonito broth is commonly employed as a soup and sauce base in Japanese cuisine and is considered to be a nutritional supplement that promotes recovery from fatigue. Previous human trials have indicated that the ingestion of dried-bonito broth improves several mood states including fatigue, however, the effects in these studies have differed. The aim of this study was to clarify the effects of daily ingestion of dried-bonito broth on mood states by a pooled analysis of the randomized placebo-controlled trials. Five comparisons in four trials were selected for the pooled analysis (n = 159). The ingestion of dried-bonito broth significantly decreased the scores for fatigue (P = 0.032) and increased those for vigor (P = 0.027) compared to the placebo ingestion, suggesting that the dried-bonito broth improved fatigue felt in daily life. Furthermore, the ingestion of dried-bonito broth decreased the scores for tension-anxiety (P = 0.004) and confusion (P = 0.008) compared to the placebo ingestion. The ingestion of dried-bonito broth also significantly decreased the scores for total mood disturbance (P = 0.005). These results suggest that the ingestion of dried-bonito broth improves mood states especially fatigue, vigor, tension-anxiety and confusion.
Bonito (skipjack tuna, Katsuwonus pelamis) is one of the most familiar fish in Japan, where it is known as katsuo. Approximately 20% of the total amount of bonito caught in the world is consumed in Japan. Bonito is smoked and dried to make katsuo-bushi (dried-bonito), which is an important ingredient in dashi (Japanese fish broth). Dried-bonito broth (katsuo-bushi dashi) is commonly employed as a soup and sauce base in Japanese cuisine due to its special flavor. Furthermore, it is consumed as a nutritional supplement that is believed to promote recovery from fatigue, and is used in many traditional foods in Japan, for example, in Kachu-yu (a soup containing dried-bonito and soy paste) in Okinawa and in Cha-bushi (a soup containing dried-bonito, soy paste, and green tea) in Kagoshima. In evaluation of the physiological function of dried-bonito broth, its influence on fatigue has received special attention. In a previous study by Murakami, spontaneous motility in mice was measured using an infrared sensor after gait on a rolling vehicle, and bonito extract was found to increase spontaneous motility (10) . Additionally, in previous experiment using mice, swimming time in a pool was measured, and it was confirmed that bonito extract prolonged the duration of swimming (7) . Based on these experiments' findings that the administration of bonito extract could also recover the liver ATP/AMP ratio (10) and the muscle ATP level (7), it has been suggested that bonito extract has an anti-fatigue effect. In human trials, a previous study indicated that the ingestion of the dried-bonito broth for 4 weeks improved fatigue-related symptoms such as "eye faAddress correspondence to: Dr. Motonaka Kuroda 1-1, Suzuki-cho, Kawasaki-ku, Kawasaki, Kanagawa, 210-8681, Japan Tel: +81-44-210-5845, Fax: +81-44-210-5871 E-mail: motonaka_kuroda@ajinomoto.com fatigue, vigor, and confusion compared to placebo ingestion. These studies have indicated that ingestion of dried-bonito broth can improve fatigue and other mood states. However, the effect on fatigue and other mood states has differed among them. In the present study, to clarify the effect of daily ingestion of dried-bonito broth on mood states including fatigue, we examined the effects of the daily ingestion of dried-bonito broth on fatigue and other mood states by a pooled analysis of randomized placebo-controlled human trials.
MATERIALS AND METHODS
Selection of studies for the pooled analysis. Studies were selected for analysis if they met the following criteria: 1) they were placebo-controlled and had either a randomized crossover or a parallel design, 2) subjects ingested dried-bonito broth (more than 2.0 g per day on a dry matter basis), and 3) subjects recorded their mood states using the Profile of Mood States (POMS) test. On the basis on the above criteria, 4 articles were selected for the pooled analysis.
Statistical analysis. All results were indicated as mean ± standard deviation. The T-scores in the POMS test were statistically analyzed. The scores before the dried-bonito broth ingestion and placebo ingestion (n = 106) were compared by Student's t-test. The changes in POMS scores during the dried-bonito ingestion (n = 159) and that during the placebo ingestion (n = 159) were also compared by Student's t-test. Stat-view version 5.0 (SAS Institute Inc., NC, USA) was used for the analysis. Results were considered significant at P < 0.05.
RESULTS

Characteristics of the studies
In the present study, 5 comparisons from 4 randomized placebo-controlled trials were selected for this pooled analysis. The characteristics of the 4 studies tigue" and "shoulder stiffness" (13) . Furthermore, it was reported that the ingestion of dried-bonito broth for 4 weeks improved the task performance on the Uchida-Kraepelin test (simple calculation test) (6), suggesting that dried-bonito broth has an antifatigue effect against the mental workloads. Recently, Honda et al. reported that the ingestion of driedbonito broth improved several symptoms related to visual fatigue (1) (2) (3) . These studies have shown that the ingestion of dried-bonito broth can improve several symptoms of fatigue in humans. In addition, several studies have reported improvements in mood states including fatigue in daily life due to the ingestion of dried-bonito broth in randomized placebo-controlled human trials. In a study on female university students, the Profile of Mood States (POMS) test was performed before and after daily ingestion of dried-bonito broth for 1 week, and it was reported that mood states improved; tension-anxiety and anger-hostility particularly improved by the week-long ingestion of dried-bonito broth (4) . Additionally, in a study on middle-aged human subjects, the POMS test and a questionnaire survey on mood performed before and after 2 weeks of daily ingestion of miso (soy paste) soup containing dried-bonito broth demonstrated improvement in some mood states (5). Specifically, depression score decreased in all subjects while the scores for tension-anxiety in subjects with fatigue symptoms decreased during the ingestion of driedbonito broth. In a study on adult subjects with high fatigue scores (6), it was reported that the ingestion of dried-bonito broth for 4 weeks decreased fatigue score during the ingestion of dried-bonito broth. In the same study, change in vigor score during 2-weeks daily ingestion of dried-bonito broth was significantly higher than that during placebo ingestion. Furthermore, in a study on female university students reported by Nozawa et al. (12) , it was reported that the ingestion of dried-bonito broth for 2 weeks significantly improved all mood states in POMS, tension-anxiety, depression, anger-hostility, broth ingestion was significantly lower than those during placebo ingestion (P = 0.032). The changes in vigor score during the dried-bonito broth ingestion was significantly higher than that during placebo ingestion (P = 0.027). As for the other mood states, the change in tension-anxiety and confusion scores during dried-bonito broth ingestion was significantly lower than those during placebo ingestion (tension-anxiety, P = 0.004; confusion, P = 0.008). The change in total mood disturbance (TMD) during dried-bonito broth ingestion was also significantly lower than those during placebo ingestion (P = 0.005).
DISCUSSION
In the present study, to clarify the effect of daily ingestion of dried-bonito broth, a pooled analysis of randomized placebo-controlled human trials was performed. A merit of pooled analysis is an increase in the detection power because of the increase in sample size. Since the sample size of this pooled analysis (n = 159) is much larger than that of individual previous study (from 17 to 48), it is considered that the results in the pooled analysis is more probable than that in the individual previous study (4) (5) (6) 12) .
are summarized in Table 1 . Overall, 159 subjects were included in the pooled analysis. Of the 4 studies (4-6, 12), one (5) used a parallel design and the others (4, 6, 12) used a cross-over design. Two (4, 12) were carried out on female university students, one (6) on middle-aged adults and the remaining one (6) on adults with high fatigue scores in POMS. All trials were performed on Japanese subjects. The duration of the sample ingestion was from 1 week to 4 weeks. In all trials in these four studies, POMS test was performed to monitor the mood states before and after the sample ingestion periods. Table 2 shows the baseline data of the pooled analysis on the POMS scores before the ingestion of dried-bonito broth and placebo. As shown in the table, in any mood items, no significant differences were observed between the scores before the ingestion of dried-bonito broth and placebo. Table 3 shows the result of the pooled analysis on the changes in POMS scores during the ingestion of dried-bonito broth and placebo. As shown in the table, the change in fatigue score during dried-bonito This pooled analysis showed that the POMS fatigue score significantly decreased during driedbonito broth ingestion (P = 0.032) while, conversely, the vigor score significantly increased (P = 0.027) compared to placebo ingestion. It has been reported that the vigor score is negatively correlated with the fatigue score (8, 9) . Furthermore, it has been reported that the vigor score decreased and the fatigue score increased during both physical (14) and mental workloads (11) . These previous observations suggest that the vigor score is closely related to fatigue. From these results and the previous studies indicating that dried-bonito broth ingestion improves several fatigue-related symptoms (1-3, 13), it was considered that ingestion of dried-bonito broth improves the kind of fatigue felt in daily life. This pooled analysis also showed that scores of mood states such as tension-anxiety and confusion significantly decreased during dried-bonito broth ingestion compared to the scores for these states during placebo ingestion (tension-anxiety, P = 0.004; confusion, P = 0.008). In a previous study, the correlation between the progress of stress and appearance of various mood states was investigated in Japanese workers (n = 11,261; 9,343 men and 1,918 women) (15, 16) . It has been reported that anger appeared first, increase in fatigue, anxiety, and confusion and decrease in vigor occurred second, and scores of depression finally increased during the progress of the stress condition. This previous study indicates that tension-anxiety, fatigue, vigor, and confusion were the mood states that changed during the second stage of stress progression. Based on the results that ingestion of dried-bonito broth improves the mood states such as tension-anxiety, fatigue, vigor, and confusion, it was considered that ingestion of dried-bonito broth improves the second reaction against the stress. The mechanism of the improvement of tension-anxiety and confusion remains unclear, and studies on the mechanism are expected.
POMS scores before the sample ingestion
Changes in POMS scores during the sample ingestion
In this pooled analysis, 5 comparisons reported in 4 placebo-controlled randomized trials were selected. Since the total sample size was still small (n = 159), we performed a pooled analysis of these total trials. In the future, the effect of the amount ingested, duration of ingestion and effect of character of subjects should be investigated after the accumulation of data obtained by further human trials. In addition, all trials were performed on Japanese subjects. The effect on people in other countries, where ingestion of dried-bonito is not customary, will also be necessary in future.
